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While substrate-borne vibrations are utilized by different reptile species, true
conspecific communication via biotremors has not yet been demonstrated in reptiles.
This study follows a preliminary report that the veiled chameleon (Chamaeleo
calyptratus) could produce biotremors in communicative contexts. I tested chameleon
behavioral sensitivity to vibrations by placing them on a dowel attached to a shaker
emitting vibrations of 25, 50, 150, 300, and 600 Hz and then measured their changes in
velocity before and after the stimulus. I then paired chameleons in various social
contexts [anthropogenic disturbance (human disruption of animal); dominance (malemale; female-female C. calyptratus); courtship (male-female C. calyptratus);
heterospecific (C. calyptratus + C. gracilis); and predator-prey (adult + juvenile C.
calyptratus)] and used a video camera and accelerometers to record their behavior. This
study demonstrates that chameleons produce biotremors and that receivers exhibit a
freeze response when exposed to a simulated biotremor stimulus. Furthermore, veiled
chameleons produce biotremors in anthropogenic disturbance, conspecific dominance
and courtship contexts, and these biotremors are elicited by visual contact with another
adult conspecific and heterospecifics. Overall, two classes of biotremor were identified,
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“hoots” and “rumbles,” which differ significantly in dominant frequency and waveform.
No correlation was identified between animal size and dominant frequency of the
biotremors they produced as biotremors originate from rapid muscle contractions.
Juvenile chameleons of two months of age are able to produce biotremors, suggesting
this behavior may have multiple functions. Overall, the data suggest that the veiled
chameleon has the potential to utilize substrate-borne vibrational communication during
conspecific and possibly heterospecific interactions.

viii

INTRODUCTION
Substrate-borne vibrational (vibrations propagated through a substrate) and
seismic (vibrations propagated through the ground) communication is noted in numerous
species of vertebrates and invertebrates (Hill 2001; Hill 2008). Any animal moving on a
substrate (ground, leaves, stems, water surface, etc.) creates vibrations that can alert
others to their presence (Hill 2008), an everyday behavior that can be modified for a
secondary communication function (Bradbury and Vehrencamp 2011).
In recent decades, studies of vibrational communication (also referred to as
biotremology) in animals has vastly expanded. The presence of bone conduction systems
in extinct and extant amphibians and reptiles suggests that vibration detection predates
aerial hearing, but the communication function of biotremors has been studied less
frequently than other more conspicuous auditory and visual modalities (Hildebrand
1995). Overall, vibrational communication confers a specific advantage to the sender
because it is less conspicuous than visual or auditory signals that could be exploited by
predators. Vibrational communication is also a valuable modality because it reduces
competition with other signals. Some animals using vibrational communication will
couple vibrations within a multimodal display to strengthen their message (Hill 2001).
Some animals known to couple vibrational signals with other modalities include the
Orinoco crocodile, Crocodylus intermedius (Thorbjarnarson and Hernández 1993),
Asian elephants Elephas maximus (O’Connell-Rodwell, 2007), and wolf spiders (Uetz et
al. 2009) (see Hill 2008 for review).
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The distinction of true vibratory communication is reserved for animals using
biotremors to deliberately send information to an intended receiver for mutual benefit.
Typical hallmarks of substrate-borne vibrational communication in a species include: a)
ecological or sensory system limitations that would make vibrational communication
adaptive (i.e., living underground, poor vision or hearing, etc.); b) the production of
vibrations via movements or subtle muscle contractions within social contexts; and c)
adaptations and/or behaviors that facilitate the reception of a vibrational signal (i.e.
somatosensory or auditory-vestibular adaptations, freeze behaviors, increased contact
with the substrate; Hill 2008). The mechanisms employed by an organism to produce
and detect vibratory signals are dependent upon the substrate through which the
vibrations travel.
Reptiles compose a clade of the oldest fully terrestrial vertebrates on the planet.
Further study into their communication modalities, particularly vibrational
communication, may have far-reaching implications within other taxa. Demonstrating
the use of true vibrational communication in reptiles would make it the earliest known
evolutionary occurrence of this communication modality within fully terrestrial
vertebrates.
Little biotremological research is dedicated to reptilian models, and most studies
involving reptiles establish only that they eavesdrop on incidental vibrations to detect
prey [the royal python, Python regis (Christensen et al. 2012), sand vipers in the genus
Cerastes (Young 2003; Young and Morain 2002), and the sandfish lizard Scincus
scincus (Hetherington 1989)] or produce vibrations as a stress response [Brookesia
chameleons (Raxworthy 1991)]. This stated, there are some promising examples of
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reptilian species possibly utilizing biotremors in true conspecific communication
including various crocodilian (Vilet 1989; Senter 2008) and chameleon (Barnett et al.
1999; Lutzmann 2004) species. Although crocodilians are generally semi-aquatic
reptiles, many of the behaviors elicited during courtship create coupled visual, auditory,
and vibratory signals. For example, while patrolling, Orinoco crocodile (Crocodylus
intermedius) males produce short bursts of inaudible vibrations by rapidly moving their
body (Thorbjarnarson and Hernández 1993). In addition to these infrasonic vibration
signals, crocodilians create visual displays that result in loud auditory splashes and
waves (Senter, 2008; Vilet 1989; Thorbjarnarson and Hernández 1993). Any of the
aforementioned behaviors could propagate vibrations through the water and nearby
ground substrate that could elicit responses from conspecifics.
The reptilian family Chamaeleonidae is noted for morphological characteristics
such as a prehensile tail, independently rotating eyes, a ballistic tongue, and the ability
to change colors. As chameleons are most noted for their adaptive skin, a great body of
research has been dedicated to their vision and integument (for review, see Tolley and
Herrel 2014); however, as they often live in arboreal habitats densely packed with
vegetation, it is possible they utilize alternate modes of communication to supplement
their vision.
Some chameleon species are known to produce vibrations when handled [genus
Brookesia (Brygoo 1971), genus Rhampholeon (Friederich 1985), subgenius Chamaeleo
(Nečas 1991), and subgenius Trioceros (Henkel and Heinecke 1993); reviewed in
Lutzmann 2004]. Early interpretations of this behavior hypothesized it performed a
defensive function as it was observed in anthropogenic disturbance contexts or
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interactions with small predators (Raxworthy 1991; Glaw and Vences 1994; Nečas
2004). Other studies hypothesized chameleon biotremor production served a potential
communicative function (Schmidt et al. 1996; Barnett et al. 1999).
Currently, only one species of chameleon, the veiled chameleon (Chamaeleo
calyptratus) has been recorded producing biotremors, detectable by an accelerometer,
between 50-300 Hz in conspecific communicative contexts (Barnett et al. 1999). This
preliminary study paired three adult veiled chameleons in male-male (dominance) and
male-female (courtship) contexts and recorded biotremors that seemed to originate from
their throat region. A later courtship study on the veiled chameleon quantified a number
of male behaviors including ‘vibrate’ (Kelso and Verrell 2002), which corresponds to
the head-twitch behaviors noted during the production of biotremors in the previous
behavioral study (Barnett et al. 1999).
A recent study (Boka 2014) on veiled chameleons has indicated that they possess
a gular pouch, a modified out-pocketing of the trachea (Figure 1 A-B). The study further
investigated the throat region of ten other chameleon species from three genera and
discovered the animals known (anecdotally or otherwise) to produce vibrations all
possessed a gular pouch. At the time, the gular pouch was implicated in biotremor
production. Subsequent studies of the muscles surrounding the gular pouch (M.
sternohyoideus superficialis, M. sternohyoideus profundus, Mm. levator scapulae, and
Mm. mandibulohyoideus) demonstrated that the biotremors are actually the result of
coordinated throat muscle contractions (Figure 1C, adapted from Tegge 2018). The
gular pouch is currently presumed to function as a resonator used to amplify the musclegenerated biotremors (Tegge 2018). The primary objective of the current study is to
4

further investigate the potential for the veiled chameleon to utilize these biotremors in
true conspecific communication.
Evidence of vibrational communication can be behavioral, morphological, or
physiological. Studies incorporating all three forms are preferred when determining the
use of vibrational communication in a species. It has been established that the veiled
chameleon can produce biotremors in disturbance and possibly communicative contexts
(Tegge 2018; Barnett et al. 1999), but there are other characteristics that make the veiled
chameleon a particularly strong candidate for using vibrational communication. Given
the generally arboreal life history of chameleons within Chamaeleo (Tolley and Herrel
2014), both somatosensory and/or auditory-vestibular system adaptations are equally
likely for the reception of biotremor signals.
Examinations of the subdigital and subcaudal regions of individuals in the
Calumma, Chamaeleo, Furcifer, and Trioceros genera identified highly developed setae
used to increase friction with surfaces that may also increase sensitivity to surface
vibrations (Spinner et al. 2013). In addition, current anatomical studies (Palavra and
Smith, unpublished data) indicate that various species of Chamaeleo possess lamellated
corpuscles in the plantar surface of their feet similar to those found in mammalian skin.
These setae and receptors may indicate specializations for a somatosensory method of
vibration reception (Gregory et al. 1985; Hill 2001).
Chameleons also possess inferior sensitivity to aerial sound when compared to
other lizards due to the extreme reduction or absence of a functional outer ear, visible
tympanic membrane, and traditional round window of the inner ear (Wever, 1968, 1969,
1973; Wever and Werner 1970). Despite their poor aerial hearing, anatomical studies
5

revealed a columellar system within the skull that transduces aerial and mechanical
vibrations to the inner ear, allowing for sensitivity to vibrations (Wever 1968; 1969). A
very similar auditory-vestibular apparatus is noted in several species of snakes, which
reconciles the complete reduction of a functional outer and middle ear traditionally used
for pressure (aerial) hearing and allows for the exploitation of vibratory signals
(Christensen et al. 2012; Hartline 1971). Furthermore, if chameleons can detect and
produce substrate-borne vibrations, they could use them as a means to communicate.
More evidence is required before the use of substrate-borne vibrations can be
classified as a method of true communication in chameleons. The purpose of this
behavioral study was threefold: (1) to examine behavioral changes in C. calyptratus in
response to vibrations (i.e. determine if they can detect and respond to substrate-borne
vibrations), (2) characterize the behavioral contexts in which C. calyptratus produces
biotremors, and (3) to quantify biotremor characteristics. To these ends, I first examined
the behavioral responses of juvenile and adult C. calyptratus to substrate-borne
vibrations of pre-selected frequencies. Second, I elicited and recorded biotremors from
chameleons. Finally, I recorded simultaneous video of and biotremor signals (via
accelerometers) from pairs of C. calyptratus under different social contexts (i.e.
dominance, courtship, predator-prey, and heterospecific). I further analyzed elicited
biotremors from these interactions and quantified their dominant frequency, duration,
and general waveform characteristics.
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Figure 1. Images of the gular pouch (A-B) and throat muscles (C) involved in biotremor
production. (A-B) Air-inflated gular pouch of two adult male C. calyptratus specimens
post-mortem. (C) Live dissection showing electrodes implanted in the various muscles
around the gular pouch involved in biotremor production (adapted from Tegge 2018).
7

MATERIALS AND METHODS
Chameleon Collection and Husbandry:
Nine adult C. calyptratus (seven males, two females; snout vent length (SVL)
14—23.1 cm; 73.1—197.3 g), one C. gracilis (female; 12.5 cm, 45.2 g), and six juvenile
C. calyptratus (SVL 4.3—5.1) were used (Table 1). Chameleons were commercially
sourced (LLL Reptile, Inc.) and kept according to the specifications set by Nečas (2004).
Chameleons were housed individually in wire mesh enclosures (46 × 46 × 92 cm
or 61 × 61 × 122 cm) according to snout-vent length and species. An opaque barrier
separated adjacent enclosures to prevent territorial aggression and to reduce animal
stress. Each enclosure was equipped with appropriate foliage and with 60-watt ceramic
heat and UVB lamps to create a basking spot of approximately 35˚C powered on a 12:12
light dark cycle. Hydration was maintained via a continual drip system and daily
misting. Chameleon diet consisted of 5-7 gut-loaded crickets (Acheta domesticus) every
other day.
Overview of Experiments & Video Analysis
All protocols are compliant with guidelines established by the Institutional
Animal Care and Use Committee (IACUC) of Western Kentucky University (Animal
Welfare Assurance #A3448-01).
The objective of these experiments was to identify the contexts in which C.
calyptratus produces and responds to low-frequency vibrations. Three experiments were
designed in order to meet this objective: (1) testing the vibrational sensitivity of the
chameleons across different frequencies; (2) manually disturbing animals to elicit
biotremors for characterization; and (3) observing the behavioral contexts under which
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chameleons naturally produce biotremors. A more detailed description of each study is
as follows:
Experiment 1a-1b: Behavioral Response to Vibrations
Potential sensitivity to biotremors was tested by placing a chameleon on a dowel
connected to a permanent magnetic shaker that generated a three-pulse vibrational
stimulus at 25, 50, 150, 300, or 600 Hz. For each trial, an individual C. calyptratus (N=
5) was placed upon a wooden dowel 77 cm in length and 0.5 cm in diameter, balanced
15 cm above a table using support rods and clamps covered in acoustical foam (Figure
2). The dowel was marked in 1 cm increments to facilitate the collection of data. In
order to minimize background vibrations from affecting the outcome of each trial, the
experiments were conducted in a sound dampening room (SE 2000 Sound Isolation
Enclosure, WhisperRoom, Inc.).
When a chameleon was placed on the dowel and began to walk, a vibrational
stimulus was administered. The vibrational stimuli used during these experiments were a
series of three, rapid, low-frequency pulses (approximately 0.5 s each within a duration
of approximately 2.5 s; at 25, 50, 150, 300, or 600 Hz; 6 m/s2) produced by a Kistler 10
MHz Function Generator connected to a 0.4 amp LDS Power Amplifier and an LDS
V203 permanent magnet shaker (Brüel & Kjaer Vibration Exciter V203) that was
connected to the dowel. The stimulus characteristics were purposely modeled after
previously noted characteristics of naturally-produced chameleon biotremors (Barnett et
al. 1999).
The vibrational pulses were verified using a PCB Piezotronics, Inc.
accelerometer (Model 394C06), mounted via beeswax underneath the dowel 5 cm from
9

where the dowel was attached to the shaker. The vibrational stimulus was recorded using
custom Video DAQ Acquisition software created using LabVIEW (Figure 3).
In each trial, only one frequency was tested at a time. All individuals were tested
at all five frequencies, with at least one hour between trials and no more than two trials
per animal per day. Each trial was videotaped using a Logitech C920 Pro Webcam that
also fed into the Video DAQ Acquisition software in order to observe the chameleon’s
behavioral response before and after the vibrational stimulus.
These experiments were repeated with six juvenile veiled chameleons (Figure 4).
To encourage movement, the dowel was secured at a 30-degree incline and a plant was
placed near the end of the dowel (no contact between the dowel and plant). Finally, a
standard Lasko fan was directed towards the chameleon. Chameleons often exhibit an
anti-predatory behavior termed the “leaf walk” where they rock back and forth while in
motion (Stuart-Fox 2014). This behavior was reliably triggered using the fan and
encouraged the juveniles to walk across the dowel, thus allowing data collection. The
setup was tested to ensure that the fan did not interfere with the vibrational signal.
Data Analysis
Data were analyzed using custom Video DAQ Analysis software created in
LabVIEW (Figure 5). Changes in velocity before and after the vibrational stimulus were
used to quantify the behavioral response. The average pre-stimulus velocity (cm/s) was
calculated from the time the chameleon started moving along the dowel until the first
vibrational pulse of the stimulus (as indicated in the video by an LED light directly
connected to the function generator). The post-stimulus velocity of the chameleon was
recorded five seconds following the first vibrational pulse. Both values were then
10

converted into body lengths (SVL) per second and then used to calculate the
chameleon’s percent change in velocity due to the stimulus.
Separate statistical analyses were conducted for adult and juvenile C.
calyptratus. An overall analysis of variance (ANOVA) was performed in SYSTAT
(Version 13.1, San Jose, California) to examine the effect of stimulus frequency on the
percent change in chameleon velocity. A post-hoc Tukey’s Honestly Significant
Difference (HSD) test was performed to test for differences in percent change in velocity
between different stimulus-frequency treatments. Finally, a Wilcoxon signed-rank test
was used to test for differences in chameleon velocity before and after the vibrational
pulse stimulus for each frequency tested.
Experiment 2: Anthropogenic Disturbance Context
This was a preliminary experiment to determine: (1) whether all experimental
animals could produce biotremors, and (2) a potential relationship between animal size
and mean biotremor frequency. For each trial, an individual chameleon was placed upon
a wooden dowel 122 cm in length and 1.75 cm in diameter (Figure 5). To simulate an
alarm or disturbance context and elicit a biotremor, a hypodermic needle was used to
gently poke one of their hindlimbs. The PCB accelerometer was attached to the top of
the casque of each chameleon with beeswax to record biotremor responses while
minimizing incidental vibrations caused by movement. The accelerometer was
connected to the DAQ board and vibrational responses were collected in conjunction
with video streaming using the Video DAQ Acquisition software.
Data Analysis
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The biotremors collected from each trial were analyzed using Audacity (version
2.1.3) software to calculate the mean (±S.E.) duration (s) and dominant frequency (Hz).
A regression analysis in SYSTAT was also completed to determine any relationship
between animal size and dominant frequency or duration of biotremors. The biotremors
elicited here were not included in any other analysis as animals were tested more than
once for varying lengths of time.
Experiment 3: Behavioral Context Interactions & Quantification of Biotremors
In this experiment, pairs of chameleons were used to simulate natural social
contexts (Figures 6-9). Overall, pairs were exposed to four separate contexts: dominance
(two males or two females), courtship (a male and female C. calyptratus), predator-prey
(adult and juvenile C. calyptratus) and heterospecific (C. gracilis with C. calyptratus)
(Figures 6-9). Both dominance and courtship contexts were previously noted by Barnett
et al. (1999) to induce biotremors. Anthropogenic disturbance trials were also
conducted, but were considered on an individual basis as part of Experiment 2 described
previously. No two individuals were paired more than once and animals were only used
in trials twice daily to reduce stress (Table 2).
To isolate possible confounding variables, an experimental enclosure comprising
of a wooden box (47.6 × 94 × 54.6 cm) with a glass front panel and open top was built
(Figures 6-9). The chamber could be separated into two 45.7 cm wide chambers with a
removable clear Plexiglas insert. A 5 cm diameter hole was drilled in the two sides and
Plexiglas insert that allowed a wooden dowel to thread through the entirety of the
enclosure. The dowel was supported outside the enclosure by acoustical foam propped
on metal stands. An opaque black fabric barrier was draped over the Plexiglas insert and
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attached to fishing line that could be pulled remotely to lift the barrier and allow visual
interaction between animals in either chamber.
To record biotremors, identical PCB accelerometers (same as Experiment 1)
were attached to the top of the casque (head ornamentation) of either animal with
beeswax, allowing simultaneous collection of video and vibration data through the
Video DAQ Acquisition software. In trials where juvenile C. calyptratus or the C.
gracilis were used, the accelerometer was placed on the dowel in their respective
chamber as the accelerometer could not be attached to their bodies due to size.
In each trial, the animals were placed in either chamber and visually isolated by
the opaque barrier for five minutes. After the five minutes, the opaque barrier was
removed and the responses to visual stimuli or coupled visual and somatosensory stimuli
were recorded. Between experiments, both accelerometers were periodically placed in
adjacent locations on the dowel to test for consensus of vibratory signals.
Before pairing the chameleons, two controls were designed to test the effects of
(1) experimental manipulation or (2) the presence of a random object (plastic lizard) on
the production of biotremors. The experimental control (hereafter referred to as the
“control” experiment) placed a single chameleon in the left chamber of the enclosure,
allowed a five-minute acclimation period (barrier down) and then lifted the barrier after
five minutes to determine whether the animal would respond to the setup. The second
control (hereafter referred to as the “lizard” experiment) secured a plastic lizard (105.7
g; 33.4 cm long) on the dowel in the right chamber and then placed a chameleon on the
dowel in the left. After five minutes, the barrier was lifted and any response to the lizard
was recorded for an additional five minutes.
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For the paired chameleon experiments, visual and somatosensory modalities
were either coupled or decoupled by using one or two dowels. The two-dowel trials will
be referred to as “visual” trials as only visual contact was established between
individuals (Figure 8). The single dowel trials will be referred to as “coupled” trials as
the paired chameleons could both see one another and detect incidental vibrations or
biotremors along the connected dowel (Figure 9). Attention was not given to the role of
olfactory and/or auditory cues given chameleons’ poor hearing and sense of smell
(Wever 1968; Anderson and Higham 2014).
Data Analysis
Responses in each context were recorded by software (Video DAQ Acquisition
and Video DAQ Analysis) uniquely designed for this project in LabVIEW (Figures 3
and 5). Specifically, video data (recorded at 30 frames/second) and vibration data
(recorded at 10 kHz) were collected simultaneously to identify produced biotremors.
Vibrational data were exported as .wav files and analyzed using Audacity software
(version 2.1.3) in order to quantify the biotremor characteristics of C. calyptratus, and to
observe other possible vibrational responses not previously studied (Figure 10). Once in
Audacity, the .wav files were played back over a speaker to detect biotremors via visual
and auditory inspection. Biotremors were identified by sound and waveform
characteristics that were easily distinguishable from background noise produced by
mechanical movement.
After digitization of the signal at 44.1 kHz, power spectra were calculated using
a 1024 point Fast Fourier Transform (FFT) with a Hanning window. The dominant
frequency and duration of all biotremors from all contexts were recorded. Biotremor
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amplitude was not recorded as the accelerometer attachment could not be standardized
for all chameleons. Some biotremor data were imported into Raven Pro (v1.5.23) for
visualization. Temporal features were measured from oscillograms and frequency
parameters were obtained via spectrograms and power spectra (3dB filter bandwidth 248
Hz, FFT size 256 points, time overlap 50%, and a Hanning window).
Generalized linear mixed effects models fitted with restricted maximum
likelihood in R version 3.5.0 (R Core Team 2018) were evaluated to identify the
conditions that would elicit a biotremor response and what factors (sex, age, species,
and/or individual variation) had the strongest effect on biotremor production. Models
that incorporated random effects (i.e. individual variation) were used due to the repeated
use of individuals across trials.
The first response variable tested was “calls after,” or the number of biotremors
produced after the barrier was lifted. Biotremors produced before the barrier was lifted
were minimal and thus disregarded for this analysis. The response variable was
evaluated separately for both coupled and visual trials. ‘Age,’ ‘sex,’ and ‘with’ (i.e.,
which other individual the chameleon was paired with: male, female, juvenile, or
heterospecific) were considered fixed categorical effects and ‘individual’ was a random
effect. Individuals were arbitrary, and I assumed no interaction between treatments and
the individual. The generalized mixed models were fitted with a Poisson error
distribution and the models included a zero-inflation term (glmmTMB; Brooks et al.
2017) to account for a non-normal data distribution and many zeros in the data set,
respectively. Results are presented as a likelihood ratio tests of: 1) a comparison of the
single fixed-factor model containing the “with” term versus the null model and then 2)
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an evaluation of the improvement provided by adding the terms ‘sex’ and ‘age’ using
likelihood ratio tests and by evaluating AIC values.
To determine the significance of timing on biotremor quantity before or after
visual contact was established, a non-parametric Wilcoxon Signed-Rank test was
completed for all visual and coupled trials with biotremor data.
While preliminary characteristics of biotremors have already been measured
(Barnett et al. 1999; Tegge 2018), further investigation of frequency, duration, and
general waveform characteristics was warranted. To this end, all biotremors elicited
during the visual and coupled trials were used to calculate the mean dominant frequency
and duration for each animal in every individual trial. ‘Mean duration’ and ‘mean
dominant frequency’ were set as the response variables in linear mixed effect models
constructed using the ‘lme4’ (Bates et al. 2015) and ‘lmerTest’ (Kuznetsova et al. 2017)
packages in R. Like the ‘calls after’ data above, I first compared the single fixed factor
model containing the “with” term versus the null model. However, I could not include
an ‘age’ term in these models due to a lack of data from juveniles. Thus, I investigated
the improvement in model fit provided by the addition of the ‘sex’ term using likelihood
ratio tests and by evaluating AIC values.
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Table 1. Chameleons used in Experiments 1-3. Listed are the individual chameleons
(identified by species, gender, age, and number) with their respective snout-vent lengths
(cm) and mass (g). Some individuals were not included in all three experiments due to
illness or death. SVL and mass measurements varied for the same animal in different
experiments due to growth over time.
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Table 2. Experimental order and pairing of chameleons. Each name codes the species (C
= “calyptratus”; G = “gracilis”), gender (M = “male”, F = “female”), and age (__ =
“adult”; J = “juvenile”) of each animal (juveniles were sexed by identifying a bone spur
on the hind limbs of males). No two individuals were paired more than once and animals
were not used more than twice a day.
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Table 3. Total number of trials for social interaction contexts. ‘H’ refers to an adult
female C. gracilis, ‘M’ refers to male C. calyptratus, ‘F’ refers to female C. calyptratus,
and ‘J’ refers to juvenile C. calyptratus. *The anthropogenic trials (‘A’) were conducted
on an individual basis and some individuals were tested more than once to elicit
biotremors.
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Figure 2. Schematic of Experiment 1a (adult C. calyptratus response to vibrations).
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Figure 3. Screenshot of the Video DAQ Acquisition Software (created in LabVIEW) used to collect simultaneous video and vibration
data. Shown is a dominance interaction between two adult male veiled chameleons. The male on the right (blue acceleration trace) is
producing a sinusoidal biotremor of approximately 135 Hz (determined using the power spectrum).
22

Figure 4. Schematic of Experiment 1b (juvenile C. calyptratus response to vibrations).
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Figure 5. Screenshot of the Video DAQ Analysis Software (created in LabVIEW) used to analyze simultaneous video and vibration
data. The image shows an adult male veiled chameleon in an anthropogenic disturbance trial. In response to a poke on the hindlimb,
the chameleon produced a sinusoidal biotremor of approximately 140 Hz.
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Figure 6. Schematic of the control setup for Experiment 3.
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Figure 7. Schematic of the object (lizard) control setup for Experiment 3.
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Figure 8. Schematic of the visual trial setup within Experiment 3. When the barrier was lifted, only visual contact was established
between individuals. The wooden dowel was cut into two equal lengths and did not touch the Plexiglas insert.
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Figure 9. Schematic of the coupled trial setup within Experiment 3. When the barrier was lifted, coupled visual and somatosensory
signals could be sent between individuals.
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Figure 10. Screenshot of Audacity analysis software (version 2.1.3). A biotremor from an adult male C. calyptratus in the left
experimental chamber is highlighted and analyzed. Analysis shows the biotremor is 0.098s in duration with a dominant frequency of
150 Hz. This biotremor was elicited in response to a juvenile after visual contact was established. The highlighted waveform in the
bottom line was recorded by an accelerometer attached to the emitter’s casque while, the waveform in the top line is the same signal
that was recorded by an accelerometer on the dowel in the opposite chamber.
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RESULTS
Experiment 1a-1b: Behavioral Response to Vibrations
Chameleon behavioral responses to vibrations significantly differed by frequency
in both adults (Kruskal-Wallis Test, P < 0.0001) and juveniles (Kruskal-Wallis Test, P =
0.008). Adult chameleons exhibited a freeze response or noted decrease in velocity when
exposed to vibrational stimuli of 50 (P < 0.005) and 150 Hz (P < 0.012); conversely, no
significant change in velocity was detected at 25, 300, or 600 Hz (Wilcoxon Signed
Rank Test, N=5; Figure 11). Juvenile chameleons exhibited a significant decrease in
velocity following 50 (P= 0.043), 150 (P = 0.043) and 300 (P = 0.028) Hz stimuli.
Experiment 2: Anthropogenic Disturbance Context
During these trials, 185 biotremors were recorded from eight animals (seven
adults and one juvenile; no responses were recorded from the remaining four juveniles).
176 of these biotremors were elicited from adults, and the remaining nine were elicited
from a single male juvenile (CMJ1) at approximately three months of age. Overall, the
mean dominant frequency and duration of biotremors produced in a given trial had no
linear regression relationship to the size (i.e., SVL and mass) of the signaler (P > 0.05).
Two classes of biotremors were detected. The first class, deemed “hoots,” were
originally identified by Barnett et al. (1999) and exhibit a characteristic sinusoidal
waveform. The second class of biotremor, termed “rumbles,” includes a wider range of
frequency, duration, and waveform characteristics such that auditory inspection was the
primary method of identification. Overall, rumbles were largely absent in anthropogenic
disturbance trials, even in animals with a tendency to produce them (Tables 4-5). A
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more thorough analysis of hoots and rumbles is included in Experiment 3 as the number,
length, and replication of trials were not standardized in Experiment 2.
Experiment 3: Behavioral Context Interactions & Quantification of Biotremors
The control and lizard experiments were designed to determine whether
chameleons would respond to the experimental manipulation or to a random object.
Overall, only three biotremors were recorded from a single adult male in a control
experiment before the barrier was lifted. No biotremors were recorded in response to the
plastic lizard (Table 6).
A total of 352 biotremors were recorded from the coupled and visual trials (181
hoots and 171 rumbles). There was extensive individual variation in biotremor
production between and within an individual (Table 6; Figure 12A). For example, one
male (CM5) vibrated a total of 136 times, but those responses were confined to only five
trials. There were several trials (across all contexts) in which he did not respond at all.
Of the 86 total visual (N=42) and coupled (N=44) trials, only 27 resulted in biotremor
responses. In 25 of these trials, only one individual produced all recorded biotremors.
These responses were concentrated within the male-male and male-female conspecific
contexts and occurred primarily after visual contact was established (Figures 12B, 13).
Analysis revealed a significant difference between the mean number of calls before and
after visual contact was established in both the visual (8 before, 181 after) and coupled
(9 before, 148 after) trials (HB/HA visual: Z = -2.426, *P = 0.015; HB/HA coupled: Z =
-2.209, *P = 0.027; RB/RA visual: Z = -2.192 *P = 0.028; RB/RA coupled: Z = -2.032,
*P = 0.042: H=hoot, R=rumble, B=before barrier lifted, A=after barrier lifted; Figure
14).
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For the visual trials, examining the ‘calls after’ response variable indicated the
model with the greatest explanatory power included all three fixed effect terms: ‘with’,
‘age’, and ‘sex’ (X2 = 11.69, df = 1, P<0.001; Table 7). An ANOVA of the best-fitting
model parameters indicated: (1) pairing an individual with a heterospecific female (Z =
0.467, P = 0.641) or male conspecific (Z = -1.551, P = 0.120) did not affect biotremors
relative to the level of biotremor production in the presence of a female and (2) pairing
with a juvenile reduced the level of biotremors produced (Z = -4.095, P < 0.001; Table
8). Juveniles produced fewer (no biotremors) than adults (Z = -3.326, P < 0.001), and
males produced more biotremors than females (Z = 3.707, P = 0.001; Table 8).
For the coupled trials, examining the ‘calls after’ response variable indicated the
model with the greatest explanatory power included only two of the fixed effect terms:
‘with’ and ‘age’ (X2 = 9.03, df = 1, P = 0.002; Table 7). The ANOVA of the best-fitting
model indicated: (1) pairing an individual with a heterospecific female (Z = 1.681, P =
0.093) did not affect biotremor production relative to the level in the presence of
conspecific females, and (2) in contrast with the visual experiment, pairings with male
conspecifics resulted in fewer biotremors (Z = -5.028, P < 0.001), and pairings with a
juvenile did not affect biotremor production (Z = -0.002, P = 0.998; Table 8).
Hoots and rumbles were nearly equally abundant across all trials. Hoots were
identified by a distinguishable sound and sinusoidal waveform across all individuals
with a general frequency range between 91-234.3 Hz and a mean (S.E.) of 139.4 Hz (
8.4 Hz) (Figures 15-18). These hoots ranged in duration from 0.045-0.330 s with a mean
(S.E.) of 0.159 s ( 0.019 s). The second class of biotremors, rumbles, were
characterized by much lower amplitudes and a wide range of possible waveforms
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(Figures 17-20). Of the rumbles recorded, there was a general frequency range of 96164.7 Hz with a mean (S.E.) of 110.7 Hz ( 7.0 Hz) and a duration ranging between
0.06-0.380 s with a mean (S.E.) of 0.205 s ( 0.035 s).
Model comparison indicated that variation in biotremor frequency was best
explained by ‘call type’ (hoot or rumble) and not ‘sex’ for both the visual (X2 = 5.55, df
= 1, P = 0.018) and coupled (X2 = 4.82, df = 1, P = 0.028) trials (Table 9). The ANOVA
shows that rumbles produced had a significantly lower frequency than hoots in both the
visual (t = -2.51, df = 16.9, P = 0.023) and coupled (t = -2.36, df = 16.9, P = 0.031;
Table 10) trials. In contrast, variation in biotremor duration was best explained by the
null model containing only individual variation (i.e., the random effect term) for the
visual trials (Table 9) and by a model including both ‘call type’ and ‘sex’ for the coupled
trials (X2 = 5.520, df = 1, P = 0.019; Table 9). An ANOVA of the coupled trial model
indicated rumbles had a longer duration (t = 2.486, df =17, P = 0.024), and male
biotremors are longer than those emitted by females (t = 2.34, df = 17, P = 0.032; Table
10). Interestingly, neither of these trends persist in the visual trials as the model suggests
individual variation was the primary factor affecting duration.
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Table 4. Mean dominant frequency (Hz) and duration (s) of hoots for each animal in the visual, coupled, and anthropogenic
disturbance trials.
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Table 5. Mean dominant frequency (Hz) and duration (s) of rumbles for each animal in the visual, coupled, and anthropogenic
disturbance trials.
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Table 6. Total number of biotremors per individual in each context. No biotremors were recorded in the “lizard” trials.
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Table 7. Linear mixed-effect regression with zero inflation (from R package ‘glmmTMB’) model comparison of factors affecting
biotremor production in the visual (A) and coupled (B) trials. Models were constructed with biotremor presence after the barrier was
lifted as the response variable compounded with the fixed effects of “with” (M/F/J/H), age (adult/juvenile) and sex (male/female), and
the random effects of individual ID. Asterisks denote the models with the best explanatory power (as noted by AIC values). For all
tests, df = 1.
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Table 8. Parameter estimates for analyses of variance on factors affecting biotremor
production in (A) visual and (B) coupled trials. Models were constructed with biotremor
presence after the barrier was lifted as the response variable compared with the fixed
effects of ‘with’ (M/F/J/H), ‘age’ (adult/juvenile) and ‘sex’ (male/female), and the
random effects of ‘individual’ ID.
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Table 9. Linear mixed-effect regression model (from R packages ‘lme4’ and ‘lmerTest’)
comparison of factors affecting biotremor frequency (A-B) and duration (C-D) in the
visual and coupled trials. Asterisks denote the models with the best explanatory power
(as noted by AIC values; a reduction in AIC of 2.0 or more or is considered a significant
improvement between models). ‘Individual’ was treated as a random effect while ‘HR’
(hoots/rumbles) and ‘sex’ (male/female) were considered fixed categorical effects. For
all tests, df = 1.
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Table 10. Parameter estimates for analyses of variance on differences in frequency (AB) and duration (C) between hoots and rumbles in visual and coupled trials. Models
were constructed with ‘frequency’ as a response variable compared with the fixed
effects of ‘HR’ biotremor type (hoots/rumbles) and ‘sex’ (male/female), and the random
effects of ‘individual’ ID.

40

Figure 11. Mean (S.E.) percent change in velocity of C. calyptratus (A) adults (N=5)
and (B) juveniles (N=6) walking across a dowel five seconds following a vibratory
stimulus at one of five different frequencies. **P < 0.01, *P < 0.05; Wilcoxon Signed
Rank Test.
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A

B

Figure 12. (A) Level of individual variation measured in raw number of biotremors and
(B) timing of biotremors across visual and coupled trials. ‘Biotremor’ refers to both
hoots ‘H’ and rumbles ‘R’ before ‘B’ and after ‘A’ the barrier was lifted and visual
contact was established.

42

Figure 13. Mean number of biotremors including hoots ‘H’ and rumbles ‘R’ before ‘B’ and after ‘A’ the barrier was lifted and visual
contact was established. ‘M-F’ refers to a trial in which a male and female adult C. calyptratus were paired; ‘M-M’ refers to a trial in
which two male adult C. calyptratus were paired. Trials with and without biotremor data were used to generate means (S.E.).
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Figure 14. Mean (S.E.) number of biotremors including hoots ‘H’ and rumbles ‘R’
before ‘B’ and after ‘A’ the barrier was lifted and visual contact was established. Only
trials with at least one biotremor were included in analysis. For visual and coupled trials,
both hoots before (HB) and after (HA) and rumbles before (RB) and after (RA) were
compared using a non-parametric Wilcoxon Signed-Rank Test (comparisons illustrated
by ‘A-D’).
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Figure 15. Seven sample hoots analyzed from five male (A-E) and two female (F-G)
adult C. calyptratus. These biotremors are characterized by a sinusoidal waveform.
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Figure 16. Oscillograms (top) and spectrograms (bottom) of hoots analyzed from a single adult male C. calyptratus in an
anthropogenic disturbance trial. (A) Series of seventeen hoots, (B) an enlargement of the second hoot in the series.

46

Figure 17. Background noise ‘A’ followed by a series of two rumbles ‘B-C’ and a hoot ‘D’ produced by a male adult C. calyptratus in
a M-M visual trial.
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Figure 18. One rumble (A) and one hoot (B) analyzed from a single adult C. calyptratus in a single male-male visual trial.
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Figure 19. Four rumbles analyzed from a single adult C. calyptratus in one M-M visual
trial. These biotremors do not have standard frequency, duration, or waveform
characteristics, but possess a unique sound distinguishable from background noise.
Frequencies of rumbles: (A) 72, (B) 94, (C) 81, and (D) 105 Hz.
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Figure 20. One rumble analyzed from a single adult C. calyptratus in one male-male visual trial. (A) is the original biotremor and (B)
is the same biotremor digitally amplified by 15 dB to help visualize the waveform.
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DISCUSSION
Experiment 1a-1b: Behavioral Response to Vibrations
Overall, veiled chameleon exhibit an obvious freeze behavior when exposed to a
vibratory stimulus. This behavior is noted in several animal phyla when exposed to an
auditory or vibrational stimulus (amphibians: Knight and Gutzwiller 1995; rattlesnakes:
Young and Aguiar 2002; mammals: Narins et al. 2016). Significant decreases in velocity
occurred at vibration frequencies chameleons are known to produce (Barnett et al. 1999;
Tegge 2018; this study) and detect (Wever 1968, 1969), which provides further support
that the animals could perceive the vibrational signal in some sort of communicative
context.
While Experiment 1a and 1b were helpful in determining that chameleons could
detect and respond behaviorally to vibrations, it cannot be determined whether the
vibrational stimuli elicited biotremors as no accelerometer was placed on the animals.
During juvenile trials, the “leaf walk” was reliably triggered in juveniles of two-three
months of age by exposing them to fan-generated wind. While this behavior is an
accepted form of crypsis (Tolley and Herrel 2014) in these animals, it has never been
characterized experimentally. Although I do not know the captive history of the
juveniles, it is unlikely they were previously exposed to wind. Furthermore, as this
behavior was observed in all six juveniles and is frequently noted in adults (Stuart-Fox
2014), I hypothesize there are either skin receptors responsible for detecting wind or
somatosensory receptors responsible for detecting wind-generated swaying of branches
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that triggers this behavior. Further studies could characterize this behavior and
determine how different factors (rearing, wind characteristics, etc.) affect it.
Finally, although there is a significant reduction in velocity following a
vibrational stimulus, I have identified a potential confounding variable in the LED light
used to verify the stimulus over video playback. The LED light utilized infrared light
and while I initially thought this was a wavelength chameleons could not detect, it has
been established that at least one species of chameleon (Furcifer pardalis) has a lattice
of iridophores fit with guanine crystals in their skin able to reflect sunlight in the nearinfrared range (Teyssier et al. 2015). Infrared reflectance was also noted previously in C.
gracilis (Dodd 1981). Although it is likely a thermoregulatory tactic, further studies of
the chameleon eye may indicate an ability to detect light within the infrared range. In
addition, it has been recently established that species within the chameleon genus
Calumma can detect UV light after it was discovered they exhibited bone-based UV
fluorescence (Prötzel et al. 2018). Furthermore, although the freeze response was
elicited during preliminary trials without a LED light, video analysis revealed that some
chameleons turned to look toward the LED light when the stimulus was administered.
For these reasons, the results should be interpreted with this potential confounding
variable in mind.
Experiment 2: Anthropogenic Disturbance Context
In many animal systems, larger size correlates with lower frequency vibrations
propagated through the air (sound) or substrate. I hypothesized larger chameleons would
produce lower-frequency biotremors, but no relationship was noted between the mass or
SVL of a chameleon and the mean dominant frequency of their biotremors. These results
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may be a product of the mechanism used to produce the vibrations. In a recent analysis,
species of fish with a sound-producing mechanism based on rapid muscles (much like
the biotremors of C. calyptratus) experienced minimal shifts in dominant frequency with
size as the frequency was dependent on sonic muscle contraction rate (Parmentier and
Fine 2016).
Although the frequency and duration of biotremors was not significantly affected
by the size of an animal, honest information regarding the emitter’s size and gender
could be relayed via signal intensity (Bishop et al. 2015; Roth and Johnson 2010; Hill
2008). The intensity of the biotremor signals could not be recorded here, but I was able
to detect distinct differences in biotremor intensity from animals of different genders and
sizes (personal observation).
Handling juveniles in the lab has indicated they are able to produce biotremors as
early as two months of age (personal observation). I was able to record some of these
biotremors as early as three months of age from a single animal (CMJ1), but I was
unable to quantify juvenile biotremors experimentally due to their small body sizes. In
each trial involving juveniles, the accelerometer was attached to the dowel due to their
small size, which introduced a large volume of background noise into the recordings.
While the early life history of the lab juveniles is unknown, it is well accepted
that there is no parental care in oviparous chameleon species (Stuart-Fox 2014).
Oviparous chameleons like C. calyptratus lay eggs in large clutches that are then buried
and abandoned. Recent research has indicated the potential for vibrational
communication between eggs in various species of anurans, turtles, snakes, lizards,
tuataras, and crocodilians (reviewed in Doody 2011). It is unclear whether these
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vibrations (adjacent embryo heartbeats, predator disturbances, weather events, etc.) are
being used only as cues for early/synchronous hatching events or if they constitute true
communication. Future vibrational studies on egg clutches could determine whether A)
these responses are innate, B) if they begin producing biotremors before hatching, and
C) the contexts in which they are produced.
Juvenile chameleons often remain close after hatching, but there is little
interaction between oviparous adult and juvenile chameleons in the wild (Stuart-Fox
2014). Similarly, juvenile chameleons are typically housed together by breeders until the
first signs of aggression occur (biting, hissing, lateral displays, etc.). Ballen et al. (2014)
studied the effects of early social isolation on behavior and performance of juvenile C.
calyptratus and quantified behaviors (color change, lateral displays, gaping, hissing,
etc.) that determined animals raised in isolation were more docile than those raised in
groups. At the time, biotremor production was not considered, but future studies could
determine whether social versus isolative rearing has an effect on biotremor production
characteristics. Some of the lab animals were much more prone to producing biotremors
than others, but I have no previous record of their captive history.
Experiment 3: Behavioral Context Interactions and Quantification of Biotremors
In both the coupled and visual trials, a majority of produced biotremors occurred
after the barrier was lifted and visual contact established. Little to no biotremors were
produced before the barrier was lifted, even during coupled trials where the animals
could detect incidental or intentional vibrations throughout. This indicates vision
strongly encourages the production of biotremors, which is not surprising given
chameleons’ heavy reliance on visual communication. I had originally hypothesized that
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chameleons may use vibrations in the absence of visual cues. While the coupled trial
data does not support this, future vibrational play-back studies using hoots and rumbles
are needed to test the response of the veiled chameleon to isolated vibrational stimuli.
The potential for multimodal (visual-vibrational) displays are still present, but I was
unable to link specific visual displays to specific biotremor signals as visual signaling
was not the focus of the analysis and there were limitations of recording via
accelerometers. Often times, when the chameleons were producing elaborate visual
displays, the movement created a large volume of background noise in the recordings
that could have masked potential biotremor signals.
Tactile sensory information through the dowel seemed to have minimal influence
on biotremor production, but there was a tendency for more hoots to be produced in the
coupled trials and more rumbles to be produced in the visual trials (Figures 12-14). For
chameleons to use substrate-borne vibrational communication, they must be able to
produce and receive vibrational signals. Both criterion have been met, but for
establishing the use of biotremors in biologically relevant contexts, the signals must be
able to travel from the sender to the receiver. In some coupled trials where an adult C.
calyptratus and a juvenile or C. gracilis were paired, biotremors emitted by the adult C.
calyptratus were recorded by both the accelerometer attached to their casque and by the
accelerometer attached to the dowel in the in the other chamber (Figure 5). Although the
signal was greatly reduced in amplitude over the 30-45 cm between the signaler and
second accelerometer, the frequency remained the same. While I did not test how far
biotremor signals could propagate through the dowel, I suspect biotremors are likely
utilized when individuals are in close proximity.
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The chameleons were able to be within 1 cm of one another, but no contact was
ever permitted between individuals. Allowing unrestricted interactions to take place may
result in the production of biotremors on a more consistent basis, as was the case in the
original preliminary study (Barnett et al. 1999). In addition, allowing the animals to
establish physical contact may increase the instances of reciprocal calling between
individuals. Another study also recorded mating interactions for C. calyptratus and
noted “rapid vibration” behaviors in the male once physical contact was established with
a female (Kelso and Verrell 2002). Further examination may uncover these rapid
vibrations are actually sinusoidal biotremors similar to those characterized here.
Overall, there was extensive variation in the tendencies of each individual to
produce biotremors. I hypothesize this variation is a result of social versus isolative
rearing, but future studies are required to test this. Of the biotremor responses analyzed,
adult male and female conspecifics will produce biotremors in response to the other and
to a heterospecific, but this effect is lessened when paired with a juvenile (Tables 7-8).
The lack of response to juveniles was not surprising given the lack of parental care and
high risk of cannibalism in chameleons (Keren-Rotem et al. 2006). However, there were
three trials in which an adult male produced biotremors in response to a juvenile,
although the extent of the responses was varied such that two of the adult males
produced only two biotremors each and the third produced thirty-six.
Responses to the C. gracilis female were surprising as there is no overlap in the
natural ranges of these species (Nečas 2004) and only two of 25 trials with biotremors
were in the heterospecific context. In response to the female C. gracilis, one C.
calyptratus female (CF1) produced one biotremor during a visual trial and one C.
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calyptratus male (CM3) produced eleven biotremors during a coupled trial. The typical
coloration and morphology of a female C. gracilis (bright green, small casque) looks
similar to that of a receptive C. calyptratus (Nečas 2004), which may explain the
responses from the C. calyptratus male. Due to the low sample size of C. gracilis
individuals (N=1) and heterospecific trials (N=9) the significance of biotremor use in
heterospecific communication cannot be determined.
A second class of biotremor was discovered during the course of these
experiments. As stated previously, while hoots were fairly uniform in general waveform
characteristics across all individuals and contexts, rumbles were not. In fact, many
rumbles had a waveform that could be easily mistaken for background noise, except that
they produced a distinct rumble sound when played as a .wav file. While this does lend
subjectivity to the identification process, the research team on the preliminary study of
C. calyptratus biotremor production (Barnett et al. 1999) noticed rumbles, but were
unable to characterize them (personal communication). I hypothesize that the source of
the differences within rumbles and between rumbles and hoots is the result of different
activation patterns of the muscles involved. An electromyographical study established
that hoots are the product of synchronized muscle contractions (Tegge 2018), but
rumbles were not identified. Because rumbles have lower amplitudes, and varied
waveforms, perhaps they are the product of asynchronous or imbalanced muscle
contractions in the throat. These contractions may be intentional or unintentional, but as
a vast majority of rumbles were emitted after visual contact was established between
animals (Figure 14), I hypothesize rumbles are most likely intentional.
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CONCLUSION
This study verifies that the veiled chameleon likely utilizes substrate-borne
vibrational communication in conspecific and possibly heterospecific contexts. This is
the first study in which chameleon sensitivity to vibrations was tested behaviorally, and
the resulting freeze behavior provides support for the use of biotremors in
communicative contexts. I developed a setup that allowed the systematic collection and
examination of biotremors in various communicative contexts that builds on prior
studies involving biotremor production in the veiled chameleon (Barnett et al. 1999;
Tegge 2018). This process allowed me to further characterize the previously identified
hoots, but also discover a second class of biotremor: rumbles. Although rumbles do not
have standard frequency, duration, or waveform characteristics, further investigation
into the throat muscles involved in biotremor production may identify a contractile
pattern that varies from the true hoots recorded in the previous electromyographical
study (Tegge 2018). Biotremors were primarily produced in adult conspecific and
heterospecific interactions after visual contact was established, but this study was
restricted by low sample sizes. Allowing physical contact between hetero- or conspecific
chameleons may uncover stronger evidence for true communication such as reciprocal
biotremor production between individuals.
Although not demonstrated experimentally, juvenile veiled chameleons of two
months of age are capable of producing biotremors, unveiling the possibility for future
studies into the ontogeny of this behavior. Experimenting with juveniles also indicated a
potential for egg vibrational communication as well as an opportunity to characterize
their cryptic “leaf walk” behavior.
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While these data are promising, this study was restricted with low sample sizes
and other factors affecting chameleon behavior such as familiarity, ontogeny, and
physiology (receptivity, illness, etc.). This stated, the data provide strong supporting
evidence that the veiled chameleon can detect and produce biotremors propagated
through the substrate in communicative contexts.
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